Subunit 9 of the Saccharomyces cerevisiae cytochrome bc1 complex is required for insertion of EPR-detectable iron-sulfur cluster into the Rieske iron-sulfur protein.
Deletion of QCR9, the nuclear gene encoding the 7.3-kDa subunit 9 of the cytochrome bc1 complex, impairs respiration of Saccharomyces cerevisiae, coincident with loss of ubiquinol-cytochrome c oxidoreductase activity. Optical spectra of mitochondrial membranes from yeast in which the gene for subunit 9 is deleted show a diminution of cytochrome b absorption similar to the spectra of membranes from yeast in which the gene for the Rieske iron-sulfur protein is deleted, suggesting an interaction between subunit 9, iron-sulfur protein, and cytochrome b. Synthesis of cytochrome b by mitochondria from the deletion strain is unimpaired, indicating that the diminished b absorption is due to a post-assembly effect on the heme environment resulting from the absence of subunit 9. Iron-sulfur protein is present in normal amounts and processed to its mature form in the absence of subunit 9, although the protein is more labile to endogenous proteases during the isolation of membranes. EPR spectroscopy of membranes from the subunit 9 deletion strain indicates that the g = 1.90 signal characteristic of the Rieske iron-sulfur cluster is absent, even though mature sized apoprotein is present. Pre-steady state reduction of cytochrome c1 is markedly slowed, but not eliminated, in the subunit 9 deletion strain, which suggests that an EPR-silent, sluggishly reactive derivative of the iron-sulfur cluster is present. These results suggest that in the absence of subunit 9 the conformation of iron-sulfur protein is altered such that the protein is more labile, the iron-sulfur cluster is not properly inserted, and iron-sulfur protein interaction with cytochrome b is modified in a manner which distorts the heme environment. This is the first instance in which deletion of one of the supernumerary subunits of the cytochrome bc1 complex results in the loss of function of a redox center within the complex, without a concomitant loss of other subunits.